[bookmark: OLE_LINK1][bookmark: OLE_LINK2]3GPP TSG RAN WG1 Meeting#88               					R1-1702406
Athens, Greece 13th - 17th February 2017
______________________________________________________________________ Agenda item: 7.2.2.6
Source: LG Electronics
Title: Feedback mechanism for Advanced CSI
Document for: Discussion and Decision

1. Introduction

In RAN1 #87 meeting, following working assumption on advanced CSI was captured in Chairman’s note.

Working Assumption: 
To be confirmed automatically at RAN1#88 if no significant issues are identified with UE complexity. 
Precoders are to be normalized in the equations below.
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· Feedback on PUSCH is supported
· Feedback on PUCCH is supported
· Details FFS until RAN1#88.

In this contribution, we discuss the feedback mechanism to support advanced CSI.   

2. PUCCH format 2
With existing PUCCH format 2, we have two options regarding PUCCH format for periodic CSI feedback in eFD-MIMO system.
· Option 1: PUCCH format 2 with 13-bit payload 
In case of extended CP, up to 13 bits CSI can be reported through PUCCH format 2. However, this option seems not available for normal CP case.
· Option 2: PUCCH format 2 with 11-bit payload 
In the same way as current periodic CSI feedback, up to 11 bits CSI can be reported through PUCCH format 2. As a result, if we use PUCCH format 2 to carry advanced CSI, proper W1 and W2 subsampling should be applied.

Table 1. Required maximum W1 payload size without subsampling
	X=2N1N2
	W1
	W2

	
	1D-layout
	2D-layout
	Rank 1
	Rank 2

	4-port
	7-bit
	N/A
	6-bit
	12-bit

	8-port
	8-bit
	10
	
	

	12-port
	N/A
	12-bit
	
	

	16-port
	9-bit
	
	
	

	20-port
	10-bit
	13-bit
	
	

	24-port
	
	
	
	

	28-port
	
	
	
	

	32-port
	
	
	
	



   With PF2, one solution is reusing existing reporting type and mode. In FD-MIMO, P-CSI mode 1-1 submode 1 and P-CSI mode 2-1 are supported for class A feedback. Regarding P-CSI mode 2-1, reporting type 1a which requires payload size for W2, CQI and SB indicator L. Due to SB indicator L which requires 2-bit payload size, more aggressive subsampling compared to P-CSI mode 1-1 submode 1 is needed. Thus, if PF2 is used for carrying advanced CSI, only P-CSI mode 1-1 submode 1 is supported. 
Proposal 1: If PUCCH format 2 is used for carrying advanced CSI, only P-CSI mode 1-1 submode 1 is supported.
    In P-CSI mode 1-1 submode 1, 1 full report consists of 3 reporting instance for LC codebook can be expressed as 
· 1st instance: RI
· 2nd instance: W1 
· 3rd instance: CQI+ W2
Thus, to meet the payloads size of 11-bit, subsampling is imposed to 2nd and 3rd instances. Firstly, we focus on the subsampling of W1. Table 1 lists the required maximum W1 payload size when we apply the LC codebook. According to the Table 1, W1 subsampling can be imposed only for 2D-port layout with X12. According to the current working assumption, W1 is comprised of three factors which are leading beam selection, second beam selection and power combining of second beam. Among these three factors, one simple solution for W1 subsampling is reducing oversampling factors, i.e., O1=4, O2=2, for 12- and 16-ports and O1=2, O2=2 for X (>16)-ports. Another solution can include reducing 1-bit from leading beam selection for X (>16)-ports, and reducing second beam selection by setting L1=2 and L2=2 where Li (i=1,2) is a orthogonal beam selection parameter in i-th domain. 
Proposal 2: If PUCCH format 2 is used for carrying advanced CSI, consider following two alternatives for W1 subsampling.
· Alt 1. O1=4, O2=2, for 12- and 16-ports, and O1=2, O2=2 for X (>16)-ports.
· [bookmark: _GoBack]Alt 2. O1=4, O2=2 for X (12)-ports, and L1=2 and L2=2 for X (>16)-ports.
Secondly, let’s focus on the subsampling of W2. In 3rd instance of P-CSI mode 1-1 submode 1, reporting type 2b is used. In this reporting type, the payload size for CQI is 4-bit for rank 1 and 7-bit for rank 2. Thus, in this case we need to focus only on W2 subsampling within 4-bit for rank-2 case. Without loss of generality, we can express final rank-2 codebook as

.




In this case, one solution can be using class A-like W2 structure.  In other words, can have QPSK alphabet and , and other values can be determined as . Then, we have




, and total W2 payload size for rank 2 becomes 4-bit. In this way, we can guarantee the orthogonality of two layers. Also, the same beam can be imposed to both H-slant and V-slant, and the co-phase can be controlled by In addition, determines whether resulting two beams per polarization are same or different. 

Proposal 3: If PF2 is used for carrying advanced CSI, consider following W2 subsampling.
· , , and .

3. PUCCH format 3
PUCCH format 3 can be considered as a candidate container for advanced CSI. PUCCH format 3 can contain up to 22-bit payload so that it may provide a sufficient container to transmit advanced CSI. However, since it is designed to transmit A/N (SR, as well), there are several issues to be addressed when PUCCH format 3 is also used for CSI feedback. Specifically, we discuss the following two issues when multiplexing A/N and CSI.
· Issue 1: PUCCH format 3 resource selection
If different PUCCH format 3 resource (e.g. PF3CSI) from that for A/N (e.g. PF3A/N) is configured for CSI feedback, one of the two resources needs to be chosen to report A/N and CSI together when it happens to transmit both. In this case, it seems natural to use PF3A/N given that, according to current specification, A/N and CSI are reported together through A/N PUCCH resource in case of collision. Also, in this way, there is no ambiguity about the existence of A/N between UE and eNB when UE misses DCI for PDSCH.
Alternatively, PF3CSI can be used to report A/N and CSI together. In this way, resource utilization of PUCCH format 3 can be increased as eNB can allocate the PF3A/N to another UE. However, an ambiguity about the existence of A/N may occurs because UE always uses the same PUCCH resource (i.e., PF3CSI) regardless of whether the UE reports CSI alone or it reports both A/N and CSI together. More specifically, if UE misses DCI for PDSCH, then it only reports CSI through PF3CSI. However, eNB expects that A/N and CSI are multiplexed in PF3CSI. To address this ambiguity, an indicator for A/N existence can be used in PF3CSI payload.
· Issue 2: PUCCH format 3 payload size
PUCCH format 3 provides an enough container to report each of A/N and CSI separately. However, obviously, there are some cases where A/N and CSI multiplexing payload is over 22bits. For example, if 5 CCs are configured in TDD UL/DL configuration 4, A/N payload alone is 20bits, according to current specification. To handle this problem, additional bundling may be applied. Given that bundling can decrease DL resource utilization due to retransmission of successfully decoded data as well, it may be considered to let UE select a bundling pattern based on A/N combination.
Observation 1: If the PUCCH format 3 is used for carrying advanced CSI, issues on resource selection and payload size should be resolved. 

4. Conclusion
In this contribution, we discussed enhancements on CSI reporting in terms of necessary CSI feedback container and new CSI reporting modes and types. The observation and proposals based on the discussion are given as follow:
Observation 1: If the PUCCH format 3 is used for carrying advanced CSI, issues on resource selection and payload size should be resolved. 
Proposal 1: If PUCCH format 2 is used for carrying advanced CSI, only P-CSI mode 1-1 submode 1 is supported.
Proposal 2: If PUCCH format 2 is used for carrying advanced CSI, consider following two alternatives for W1 subsampling.
· Alt 1. O1=4, O2=2, for 12- and 16-ports, and O1=2, O2=2 for X (>16)-ports.
· Alt 2. O1=4, O2=2 for X (12)-ports, and L1=2 and L2=2 for X (>16)-ports.
Proposal 3: If PF2 is used for carrying advanced CSI, consider following W2 subsampling.
, , and .
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